Cross Section of Isomeric States Produced in Photo-Neutron Reactions  by Oprea, C. et al.
  Physics Procedia  59 ( 2014 )  48 – 55 
Available online at www.sciencedirect.com
1875-3892 © 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Guest Editor: Mr. Stephan Oberstedt - stephan.oberstedt@ec.europa.eu
doi: 10.1016/j.phpro.2014.10.008 
ScienceDirect
*$00$6FLHQWLILF:RUNVKRSRQWKH(PLVVLRQRI3URPSW*DPPD5D\VLQ)LVVLRQDQG
5HODWHG7RSLFV
&URVVVHFWLRQRILVRPHULFVWDWHVSURGXFHGLQSKRWRQHXWURQUHDFWLRQV
&2SUHDD$2SUHDD$0LKXOE
D-RLQW,QVWLWXWHIRU1XFOHDU5HVHDUFK-,15-ROLRW&XULH'XEQD5XVVLD
E8QLYHUVLW\RI%XFKDUHVW%XFKDUHVW0DJXUHOH525RPDQLD


$EVWUDFW
,QWKLVZRUNWKHFURVVVHFWLRQVRIWKHLVRPHULFVWDWHVSURGXFWLRQLQJQUHDFWLRQVDQGWKHFRUUHVSRQGLQJLVRPHULFUDWLRVIRU
VRPHLVRWRSHVRI&G6Q0R6PLQWKHJUHDWGLSROHUHVRQDQFHUHJLRQZLWK7DO\VFRGHVXVLQJDVWDQGDUGLQSXWLQFOXGLQJ
+DXVHU)HVKEDFK PRGHO ZHUH HYDOXDWHG )RU WKH LVRPHULF UDWLR FDOFXODWLRQ WZR PHWKRGV ZHUH SURSRVHG E\ XVLQJ WKH
GHVFULSWLRQRILQFLGHQWJDPPDIOX[DQGH[SHULPHQWDOLVRPHULFUDWLR7KHREWDLQHGUHVXOWVDUHFRPSDUHGZLWKH[SHULPHQWDO
GDWDIURPQXFOHDUUHDFWLRQVLQGXFHGE\SKRWRQVREWDLQHGE\EUHPVVWUDKOXQJ

.H\ZRUGV 3KRWRQHXWURQ UHDFWLRQV +DXVHU)HVKEDFK IRUPDOLVP GLUHFW DQG FRPSRXQG PHFKDQLVP LVRPHULF DQG JURXQG XQVWDEOH
QXFOHDUVWDWHVLVRPHULFUDWLR
,QWURGXFWLRQ
2QHRIWKHPDLQWDVNVRIWKHQXFOHDUH[SHULPHQWDOSK\VLFVLVWRREWDLQQHZGDWDDQGLQIRUPDWLRQDERXWWKH
VWUXFWXUHRIDWRPLFQXFOHXV)LUVWRIDOOVXFKNLQGRIGDWDFDQEHREWDLQHGZLWKWKHKHOSRIQXFOHDUUHDFWLRQV
$PRQJPDQ\W\SHVRIQXFOHDUUHDFWLRQVWKHUHDFWLRQVLQGXFHGE\SKRWRQVSOD\DQLPSRUWDQWUROHEHFDXVHWKH
SURSHUWLHV RI WKH HOHFWURPDJQHWLF ILHOG LQ WKH LQWHUDFWLRQZLWK QXFOHRQV DUHZHOO NQRZQ 'DQRV DQG)XOOHU


&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVVLVWLQD#QIMLQUUX
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Guest Editor: Mr. Stephan Oberstedt - stephan.oberstedt@ec.europa.eu
 C. Oprea et al. /  Physics Procedia  59 ( 2014 )  48 – 55 49
9DUODPRYHWDO)URPWKHJUHDWYDULHW\RISRVVLEOHSKRWRQXFOHDUUHDFWLRQVZHKDYHFKRVHQWKH
SKRWRQHXWURQV,$($IRUWKHSURGXFWLRQRILVRPHULFVWDWHV

)RUWKHILUVWWLPH2WWR+DKQLQWURGXFHGWKHWHUP³LVRPHU´ZKHQKHGLVFRYHUHGDQHZLVRWRSHRI8UDQLXP±
WKH 8= LVRWRSH +DKQ  1XFOHDU LVRPHU VWDWHV 1,6 DUH FKDUDFWHUL]HG E\ D KLJK YDOXH RI WKH VSLQ
FRPSDUHG ZLWK RWKHU QXFOHDU VWDWHV DQG WKHUHIRUH WKH WUDQVLWLRQV RQ WKH XQGHUO\LQJ VWDWHV DUH VWURQJO\
VXSSUHVVHG E\ WKH VHOHFWLRQ UXOHV IRU VSLQ DQG SDULW\ $V D FRQVHTXHQFH WKH WLPH RI OLIH RI 1,6 LV KLJK
FRPSDUHGZLWK FRPPRQH[FLWHGQXFOHDU VWDWHV DQG LW VWDUWV IURP VRPH VHFRQGV XS WR \HDUV2QH LPSRUWDQW
IHDWXUH UHVXOWLQJ IURP WKHDERYHVWDWHPHQWV LV WKDWRQO\ WLPHRI OLIHPDNHV WKHGLIIHUHQFHEHWZHHQ1,6DQG
QXFOHDUH[FLWHGVWDWHV5XVLQRY*ROGDQVN\DQG3HNHU
7KHVWXGLHVRILVRPHULFQXFOHDUVWDWHVDUHLPSRUWDQWLQIXQGDPHQWDODQGDSSOLFDWLYHILHOGVUHVSHFWLYHO\)RU
IXQGDPHQWDO UHVHDUFKHV 1,6 RIIHU QHZ GDWD RQ VWUXFWXUH RI QXFOHL DQG QXFOHDU VWDWH GHQVLW\ 3KRWRQXFOHDU
UHDFWLRQV DQG LVRPHULF QXFOHL SURGXFWLRQ DUH VRXUFHV RI QHZ DUWLILFLDO LVRWRSHV QHFHVVDU\ LQ PHGLFLQH
HOHFWURQLFVELRORJ\DQGRWKHUILHOGVRIVFLHQFHDQGWHFKQRORJ\
,Q WKLV ZRUN WKH LVRPHULF UDWLRV LQ JQ UHDFWLRQ RQ VRPH LVRWRSHV RI &G 6Q 0R 6P ZHUH HYDOXDWHG
7KHRUHWLFDO HYDOXDWLRQ ZDV UHDOL]HG XVLQJ 7DO\V FRGHV .RQLQJ HW DO  DQG WKH YDOXHV REWDLQHG DUH
FRPSDUHGZLWKH[SHULPHQWDOGDWDIURPOLWHUDWXUH

7KHRUHWLFDOEDFNJURXQGV
,VRPHULF UDWLR ,5 LV GHILQHG DV WKH UDWLR RI WKH SUREDELOLWLHV RI IRUPDWLRQ RI1,6 DQG JURXQG XQVWDEOH
VWDWHV%HORZDUHZULWWHQWKHGHILQLWLRQRI,5XVHGLQPDQ\UHIHUHQFHVDQGWKHGHILQLWLRQXVHGLQ7DO\V

 JP5 VV RU    ɩPP7DO\V5 VVV 

ZKHUH  JP VV  FURVVVHFWLRQRILVRPHUP PHWDVWDEOHDQGJURXQGXQVWDEOHVWDWHVJSURGXFWLRQ
7KHFURVV VHFWLRQV LQ JQ UHDFWLRQVZHUHHYDOXDWHGZLWK7DO\VFRGHV IRU LQFLGHQW QHXWURQHQHUJ\ LQ WKH
UDQJHRI*UHDW'LSROH5HVRQDQFHVWDUWLQJIURPQHXWURQWKUHVKROGXSWR0H9
7KHSURFHVVRIJURXQGXQVWDEOHDQG1,6SURGXFWLRQ LVGHVFULEHGE\ WKHIROORZLQJHTXDWLRQV7UDQHWDO


PPPP 11GWG1 OIV    PPJJJJ 1311GWG1 OOIV   

ZKHUH 1   QXPEHU RI WDUJHW QXFOHL1P 1J   QXPEHU RI QXFOHL LQ LVRPHULF DQG XQVWDEOH JURXQG VWDWHV
 I IOX[RIJLQFLGHQWSDUWLFOHVOPOJ GHFD\FRQVWDQWVRILVRPHULFDQGJURXQGXQVWDEOHVWDWHV  3 LVRPHULF
WUDQVLWLRQFRHIILFLHQW
,Q D UHDO PHDVXUHPHQW GHSHQGLQJ RQ WKH H[SHULPHQWDO VHWXS DQRWKHU UHODWLRQ LV XVHG IRU WKH ,5
GHWHUPLQDWLRQ LQVWHDG RI  ,Q WKLV ZRUN H[SHULPHQWDO GDWD REWDLQHG E\ EUHPVVWUDKOXQJ DUH XVHG DQG
WKHUHIRUHWKHH[SUHVVLRQRI,5KDVWKHIRUP7UDQHWDO

       


H[S


»»¼
º
««¬
ª
»»¼
º
««¬
ª  ³³ P
WK
P
WK
(
(
J
(
(
PJP G(((1G(((1<<5 JJJJJJ VIVI 

50   C. Oprea et al. /  Physics Procedia  59 ( 2014 )  48 – 55 
ZKHUH<P<J \LHOGVRIQXFOHLLQLVRPHUDQGXQVWDEOHJURXQGVWDWHVUHVSHFWLYHO\(WK WKUHVKROGHQHUJ\RI
SKRWRQHXWURQUHDFWLRQ(PD[ PD[LPDOHQGSRLQWHQHUJ\RILQFLGHQWJDPPDTXDQWD

7KH LPSRUWDQW WHUPV LQ WKH DERYH UHODWLRQV DUH WKH FURVV VHFWLRQV RI LVRPHU DQG JURXQG VWDWHV QXFOHL
SURGXFWLRQ 7KH\ ZHUH HYDOXDWHG E\ XVLQJ WKH 7DO\V FRGHV ZKLFK LQFOXGHV WKH +DXVHU)HVKEDFK +)
IRUPDOLVP+DXVHUDQG)HVKEDFK$FFRUGLQJWR+)DSSURDFKWKHFURVVVHFWLRQLV

F
FĮȕȕĮ

ĮĮȕ 7:77Ȝʌı

¹¸
·
©¨
§ ¦ 

ZKHUH  7 SHQHWUDELOLW\ FRHIILFLHQW  O UHGXFHG ZDYHOHQJWK  DE: ZLGWK IOXFWXDWLRQ FRHIILFLHQW :)&
 ED  LQFLGHQWDQGHPHUJHQWFKDQQHOVVXPLQWKHQRPLQDWRULVHIIHFWXDWHGRQWKHDOORSHQSRVVLEOHFKDQQHOV
F LQWKHJLYHQUHDFWLRQLQRXUFDVH JD o DQG QoE 
7KHSHQHWUDELOLW\FRHIILFLHQWLVWKHPDLQWHUPLQUHODWLRQ7KLVFRHIILFLHQWXVXDOO\LVLQFUHDVLQJZLWKWKH
HQHUJ\DQGLVQRWKLJKHUWKDQXQLW\)RGHUDUR2SUHDHWDO
5HVXOWVDQGGLVFXVVLRQ
,Q)LJXUHVDDWKHSKRWRQHXWURQFURVVVHFWLRQVIRUHDFKUHDFWLRQVZLWKWKHFRQWULEXWLRQRIHDFKJ[Q
H[FOXVLYHSURFHVVHVDUH UHSUHVHQWHG)URPILJXUHV LWFDQEHREVHUYHG WKDW WKHH[FOXVLYH JQSURFHVVJLYHV
WKHPDLQFRQWULEXWLRQWRWKHFURVVVHFWLRQIRUHDFKUHDFWLRQ:LWKWKHHQHUJ\LQFUHDVLQJDIWHUWKHWKUHVKROGRI
WZRQHXWURQSURGXFWLRQLVUHDFKHGWKHJQSURFHVVLVVWDUWHGDQGWKLVSURFHVVLVVRXUFHRIRWKHULVRWRSHVDQG
LVRPHUQXFOHL FRQFXUULQJZLWK JQ H[FOXVLYH UHDFWLRQZKLFK LVSURGXFLQJ WKH LVRPHUQXFOHLPHQWLRQHG LQ
7DEOH

7KHLVRWRSLFUDWLRVLQIRXUSKRWRQHXWURQUHDFWLRQVIRULQFLGHQWJDPPDHQHUJ\IURPWKHQHXWURQWKUHVKROG
XS WR  0H9 ZHUH HYDOXDWHG ,Q WKLV UHVSHFW WKH FURVV VHFWLRQV RI JURXQG DQG LVRPHU SURGXFWLRQ ZHUH
FDOFXODWHGXVLQJ7DO\VVRIWZDUH)XUWKHUWKHFRQWULEXWLRQRIJ[QSURFHVVHVIRUHDFKUHDFWLRQ[ ZDV
H[WUDFWHGDQG WKHFRQWULEXWLRQV WR WKHFURVV VHFWLRQRIGLVFUHWHDQGFRQWLQXXPVWDWHVZHUH VHSDUDWHG ,Q WKH
7DEOH WKHDQDO\]HGUHDFWLRQVZLWK WKHLUPDLQSURSHUWLHV LQYROYHG LQ WKHHYDOXDWLRQ)LUHVWRQHHWDO
DUHLQGLFDWHG

)RU LQFLGHQW JDPPD TXDQWD HQHUJ\ XS WR  0H9 H[FOXVLYH SURFHVVHV RI W\SH JQ JQ FDQ EH
QHJOHFWHG,Q)LJXUHVEEWKHFRQWULEXWLRQRIWKHSURFHVVHVRQGLVFUHWHDQGFRQWLQXXPVWDWHVWRWKHFURVV
VHFWLRQDUHUHSUHVHQWHG$VLWLVH[SHFWHGLQWKHEHJLQQLQJWKHSURFHVVHVRQGLVFUHWHVWDWHVDUHSUHGRPLQDQWEXW
ZKHQHQHUJ\LQFUHDVHVFRQWLQXXPVWDWHVEHFRPHPRUHLPSRUWDQW

&RPSDULQJ)LJXUHVE EZLWK)LJXUHVF F WKHFURVV VHFWLRQRISURGXFWLRQRI LVRPHUQXFOHL DQG
QXFOHL LQ WKHJURXQGVWDWH LV DOPRVWHTXDOZLWK WKH JQSURFHVV%DVHGRQ)LJXUHVF F WKH ,5 IRUDOO
UHDFWLRQVDFFRUGLQJWR57DO\VIURPZHUHREWDLQHG7KHUHVXOWVDUHUHSUHVHQWHGLQWKH)LJXUHVGG,WLV
TXLWHVXUHWKDWWKHREWDLQHGUHVXOWVIRUWKH,5KDYHDWKHRUHWLFDOFKDUDFWHUDQGWKH\PXVWEHFRQQHFWHGZLWKWKH
H[SHULPHQWDOGDWD$VLWLVDOUHDG\LQGLFDWHGLQ>@WKH,5PHDVXUHGLQEUHPVVWUDKOXQJH[SHULPHQWLVJLYHQE\
H[SUHVVLRQ ,Q WKLVH[SUHVVLRQ WKHFURVVVHFWLRQ IRU LVRPHUDQGJURXQGVWDWHVQXFOHL DUHSRQGHUHGE\ WKH
IOX[RILQFLGHQWJDPPDTXDQWD7KHUHIRUHZHXVHGWKHREWDLQHGWKHRUHWLFDOFURVVVHFWLRQSRQGHUHGE\DXQLW
IOX[,QWKLVZD\DQDYHUDJHGYDOXHRIWKHFURVVVHFWLRQLQWKHH[SHULPHQWDOHQHUJ\LQWHUYDOIURPWKHWKUHVKROG
 C. Oprea et al. /  Physics Procedia  59 ( 2014 )  48 – 55 51
(WKXSWRWKHHQGSRLQWHQHUJ\(P LVREWDLQHG7KHUDWLRVRIDYHUDJHGFURVVVHFWLRQVIRUHDFKUHDFWLRQZHUH
FRPSDUHGZLWKH[SHULPHQWDOGDWD


























)LJ&GJQPJ&GUHDFWLRQD7KHJQELQDU\UHDFWLRQDQGWKHH[FOXVLYHJ[QSURFHVVHVE'LVFUHWHDQGFRQWLQXXPSURFHVVHVLQ
WKHFURVVVHFWLRQF&URVVVHFWLRQRISURGXFWLRQRILVRPHUDQGJURXQGVWDWHVSURGXFWLRQVG,57DO\V
([SHULPHQWDO GDWD IRU ,5ZHUH REWDLQHGE\ EUHPVVWUDKOXQJPHDVXUHPHQWV IRU GLIIHUHQW HQHUJ\ LQWHUYDOV
7KHRUHWLFDODQGH[SHULPHQWDOHYDOXDWLRQVDUHVKRZQLQ7DEOHDQGDJRRGDJUHHPHQWEHWZHHQWKHPFDQEH
REVHUYHG 7KLV IDFW GHPRQVWUDWHV DQ DGHTXDWH WKHRUHWLFDO GHVFULSWLRQ RI WKH LVRPHU DQG JURXQG OHYHO FURVV
VHFWLRQV
7DEOH,VRPHUDQGJURXQGXQVWDEOHVWDWHVZLWKWKHLUFKDUDFWHULVWLFVREWDLQHGLQWKHFRUUHVSRQGLQJSKRWRQHXWURQUHDFWLRQV
5HDFWLRQ ,VRPHUOHYHOP *URXQGXQVWDEOHOHYHOJ
6SLQ3DULW\-3 7LPHRIOLIHWP (QHUJ\>NH9@ 6SLQ3DULW\-3 7LPHRIOLIHWJ
&GQ&G JP  J     G     K
6QQ6Q JP  J     G     VWDEOH
0RQ0R JP  J     V     P
6PQ6P JP  J     V     P
    






    








    






    







LY5
(J>0H9@
WRWDO
J
P
VV VV JJ JJQ
>P
E@ LLL
LLL
JQ
JQ
JQ
JQ
VV VV JJ JJQ
>P
E@
7RWDO
&RQWLQXXP
'LVFUHWH
(J>0H9@
52   C. Oprea et al. /  Physics Procedia  59 ( 2014 )  48 – 55 

    







    





    







    







WRWDO
P
J
VV VV JJ JJ Q
>P
E@
(J>0H9@
LLL LY
5
(J>0H9@
L
JQ
JQ
JQ
JQ
VV VV JJ JJ Q
>P
E@ LL
7RWDO
&RQWLQXXP
'LVFUHWH

)LJ6QJQPJ6QUHDFWLRQD7KHJQELQDU\UHDFWLRQDQGWKHH[FOXVLYHJ[QSURFHVVHVE'LVFUHWHDQGFRQWLQXXPSURFHVVHVLQ
WKHFURVVVHFWLRQF&URVVVHFWLRQRISURGXFWLRQRILVRPHUDQGJURXQGVWDWHVSURGXFWLRQVG,57DO\V
,Q UHIHUHQFH 0D]XU  H[SHULPHQWDO LVRPHU FURVV VHFWLRQV IRU SKRWRQHXWURQ UHDFWLRQ RQ 0R DQG
6PQXFOHL DUH VKRZQ7KRVHGDWD FRXOGQRWEH H[WUDFWHG LQ DQ DSSURSULDWHZD\ WREH FRPSDUHGZLWK WKH
HYDOXDWLRQVIURP)LJXUHVFFEXWWKH\DJUHHZLWKWKHSUHVHQWUHVXOWV)RU6QQXFOHXVLQ0D]XU
H[LVWVDQHYDOXDWLRQRI,5LQWKHWKUHVKROGUHJLRQZKLFKQHHGVPRUHGHWDLOHGFDOFXODWLRQVE\7DO\V

7DEOH7KHRUHWLFDODQGH[SHULPHQWDOHYDOXDWLRQVRI,5
(OHPHQW (JPD[>0H9@ 5H[S 5HYDO
P&G  ± 7UDQ
P6Q   
P0R  ± 0D]XU
P6P ± ± 0D]XU


 C. Oprea et al. /  Physics Procedia  59 ( 2014 )  48 – 55 53
        









        





   










   









WRWDO
J
P
VV VV JJ JJQ
>P
E@
(J>0H9@
5
(J>0H9@
L
JQ
JQ
JQ
VV VV JJ JJQ
>P
E@
LYLLL
LL
7RWDO
&RQWLQXXP
'LVFUHWH

)LJ0RJQPJ0RUHDFWLRQD7KHJQELQDU\UHDFWLRQDQGWKHH[FOXVLYHJ[QSURFHVVHVE'LVFUHWHDQGFRQWLQXXPSURFHVVHVLQ
WKHFURVVVHFWLRQF&URVVVHFWLRQRISURGXFWLRQRILVRPHUDQGJURXQGVWDWHVSURGXFWLRQVG,57DO\V
,QWKHIXWXUHWKHPHWKRGSUHVHQWHGDERYHIRUWKHREWDLQLQJRI,5QHHGVWREHLPSURYHG7KLVQHZPHWKRG
VXJJHVWHG LQ %H]VK\\NR  IRU WKH H[WUDFWLRQ RI ,5 LQ VRPH SKRWRQXFOHDU UHDFWLRQV RI W\SH J[QS
VXSSRVHVDVZHOOWRXVHWKHFURVVVHFWLRQVIRULVRPHUDQGXQVWDEOHQXFOHLSURGXFWLRQIURP7DO\VDQGLQVWHDG
WKHXQLW\IOX[I IRULQFLGHQWJDPPDLQH[SUHVVLRQWKH6FKLIIPRGHO6FKLIILVSURSRVHGIRUWKH
IOX[ RI EUHPVVWUDKOXQJ VRXUFHV 7KH DXWKRUV KDYH DOUHDG\ VWDUWHG D VWXG\ EDVHG RQ WKH DSSURDFK GHVFULEHG
DERYH LQ WKH RWKHU SKRWRQXFOHDU UHDFWLRQV JS JQS LQ RUGHU WR HYDOXDWH WKH ,5 DQG WR FRPSDUH ZLWK
H[SHULPHQWDOGDWDEXWWKHVHUHVXOWVZLOOEHSUHVHQWHGLQWKHQH[WSODQQHGZRUN
&RQFOXVLRQV
,Q WKLV SDSHU WKH LVRWRSLF UDWLRV LQ SKRWRQHXWURQ UHDFWLRQV RQ VRPH QXFOHL ZHUH REWDLQHG LQ WKH *LDQW
'LSROH5HVRQDQFH UHJLRQ&URVV VHFWLRQV IURP )LJXUHV   ZLWK D VWDQGDUG7DO\V LQSXW FRQVLVWLQJ RI+)
FDOFXODWLRQ WKH)HUPLPRGHO RI OHYHOGHQVLWLHVGLVFUHWHDQGFRQWLQXXPVWDWHVDQG WKH UHDFWLRQPHFKDQLVPV
FRPSRXQG SUHHTXLOLEULXP DQG GLUHFW ZHUH REWDLQHG )URP WKH FURVV VHFWLRQV ILJXUHV WKH FRPSRXQG
SURFHVVHV DUH GRPLQDQW LQ WKH *LDQW 'LSROH 5HVRQDQFH UHJLRQ 3URFHVVHV RI W\SH J[QS ZHUH QHJOHFWHG
EHFDXVHWKHLUFRQWULEXWLRQLQWKHLQFOXVLYHFURVVVHFWLRQVLVYHU\VPDOOLQFRPSDULVRQZLWKJ[QSURFHVVHVGXH
WRWKHQXFOHDU&RXORPEILHOG)RUHDFKDQDO\]HGQXFOHXVWKHFRQWULEXWLRQWRWKHQHXWURQ\LHOGVRIWKHH[FOXVLYH
SURFHVVHVRIWKHGLVFUHWHDQGFRQWLQXXPSURFHVVHVDQGRIWKHFRPSRXQGDQGGLUHFWSURFHVVHVZDVUHDOL]HG

54   C. Oprea et al. /  Physics Procedia  59 ( 2014 )  48 – 55 
    









    






    








    








LYLLL
WRWDO
P
J
VV VV JJ JJ Q
>P
E@
(J>0H9@
5
(J>0H9@
LLL
JQ
JQ
JQ
VV VV JJ JJ Q
>P
E@
'LVFUHWH
&RQWLQXXP
7RWDO

)LJ6PJQPJ6PUHDFWLRQD7KHJQELQDU\UHDFWLRQDQGWKHH[FOXVLYHJ[QSURFHVVHVE'LVFUHWHDQGFRQWLQXXPSURFHVVHV
LQWKHFURVVVHFWLRQF&URVVVHFWLRQRISURGXFWLRQRILVRPHUDQGJURXQGVWDWHVSURGXFWLRQVG,57DO\V

$ JRRG DJUHHPHQWEHWZHHQ WKHRUHWLFDO UHVXOWV DQG H[LVWHQW H[SHULPHQWDO GDWD KDVEHHQ REWDLQHG DQG WKH
UHVHDUFKHVZLOOEHFRQWLQXHGPDLQO\LQWZRGLUHFWLRQV2QHRIWKHPLVWKHLPSURYHPHQWRIWKHDSSURDFKIRUWKH
HYDOXDWLRQRI WKH LVRWRSLF UDWLRVDQG WKH VHFRQGVXSSRVHVQHZPHDVXUHPHQWVRI WKH LVRPHULFFURVV VHFWLRQV
DQGLVRWRSLFUDWLRV
7KHSUHVHQWHYDOXDWLRQRI WKH LVRWRSLF UDWLRVDQGSKRWRQHXWURQFURVVVHFWLRQV LVGHGLFDWHG WR WKHQXFOHDU
GDWDSURJUDPDQGLVRWRSHSURGXFWLRQVDW,5(1WKHQHZSXOVHGQHXWURQVRXUFHIURP/1)RI-,15'XEQD
5HIHUHQFHV
%H]VK\\NR2$HWDO%XOORI5XVV$FDGRI6FL3K\V
'DQRV0DQG)XOOHU(*$QQ5HY1XFO6FL
)LUHVWRQH5%6KLUOH\96&KX6<)%DJOLQ&0=LSNLQ-7DEOHVRI,VRWRSHV&'520(GLWLRQ:LOH\,QWHUVFLHQFH
)RGHUDUR$7KH1HXWURQ,QWHUDFWLRQ7KHRU\&DPEULGJH0DVVDFKXVHWWVDQG/RQGRQ(QJODQG7KH0,73UHVV
*ROGDQVN\9,3HNHU/.6RPH$VSHFWVRI,VRPHU$WRPLF1XFOHL8VSHNK\)L]LFKHVNLK1DXN8)1
 C. Oprea et al. /  Physics Procedia  59 ( 2014 )  48 – 55 55
+DKQ27KH6FLHQFHRI1DWXUH9RO
+DXVHU:DQG)HVKEDFK+3K\V5HY
,$($7(&'2&+DQGERRN2Q3KRWRQXFOHDU'DWD)RU$SSOLFDWLRQV&URVV6HFWLRQV$QG6SHFWUD9LHQQD,$($
.RQLQJ$-+LODLUH6'XLMYHVWLMQ07DO\V$QXFOHDUUHDFWLRQSURJUDP8VHUPDQXDO3HWHQ15*
0D]XU903K\VRI(OHP3DUWDQG$W1XFO3(3$1
0ROGDXHU3$3K\V5HY
2SUHD$,2SUHD&3LUYXWRLX&9ODGRLX'5RP5HS3K\V
5XVLQRY/,,VRPHUVRI$WRPLF1XFOHL8VSHNK\)L]LFKHVNLK1DXN8)19RO
6FKLII/,3K\V5HY
7UDQ'7HWDO3K\VRI3DUWDQG1XFO/HWW
7UDQ'7HWDO3K\VRI3DUWDQG1XFO/HWW
9DUODPRY99,VKNKDQRY%&.DSLWRQRY,03KRWRQXFOHDU5HDFWLRQV0RVFRZ8QLYHUVLW\

